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ABSTRACT 


111 is report covoi's work performed in Jrmuary, February, micl March, 

1981 on JPL/D013 Contract 95433'!, Phase III. This phase consists of the 
engineering design, fabrication, assembly, opoi’ation, economic analysis, 
and process support for an experimental Process System Development 
Unit CbPSDU). 

The civil construction work was completed nnd the mechanical bid 
package is in preparation and will be issued during the next quarter. The 
electrical design effort is in progx’ess. 

Parallel efforts which complement tlie mechanical design are tiie 
process flow diagrams and control instrumentation logic for startup opera- 
tion and shutdown. These are in progi'oss and will identify all px'ocess and 
utility streams, control systems, and flow logic. 

An additional key effox't which is progressing well is the data collection 
system development. This system takes the signals fx'om the instrumentation, 
tx'anslates them into engineering units and finally develops a data report 
which summarizes all key performance parameters, ;>i.rect readout of selected 
data can be obsox’ved at any time. Storage and retrieval of 330 composi- 
tional analyses are taken of 63 process stx’cams for off-line analyses. 

liquipment has been arriving at the HPSDU site daily and a comprelicnsive 
"material receiving log" is being maintained. In addition, an equipment 
tagging px'ocedure has been set up to account for all items received on site. 

Cleaning procedures have been established to assure a contamination-free 
pi’oduct and inspection visits have been made to the fabricator's of specialty 
equipment. 

The free-space reactor experimental work completed in the last quarter 
lias been reported and the results are summarized in this repoi't. Overall, 
tlie objectives were achieved and the unit can be confidently scaled to the 
RPSDU size based on the experimental wox'k and suppox'ting theox'etlcal analyses. 
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Tho fluidizecl-bed reactor activity has jn'oceedod to a point where 
startup and checkout can be started, piping and insti’umentation was com- 
pleted in this quarter. 

Progress of the shotter/melter systvin at Kayex was slowed duo to nu- 
merous difficulties in obtaining components made to tho desired specifi < 
cations. Initial checkout runs have been made but further modifications 
are required to bo able to delivei* shot. 

In summary, work is progressing well and the EPSDU facility is sliowing 
signs of accomplishments as equipment is received. 
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SECTION I. 


INTRODUCTION 


This report covers work performed in Jnnunry, February and March^ 1981 
on JPL/DOE Contract 9S<1334, Phase III. 

The overall objective of the ISA Silicc<n Mnterinl Task is to establish 
a chemical process for producing silicon at a rate and cost cominensui’ate 
with the production goals of tho LSA project for solar-cell modules. Tliis 
material must be suitable for utilization in the Inrgo-ai’oa sheet process 
and in the automated process for the fabrication of solar colls having 
satisfactory physical and electrical performance characteristics. 

As part of the overall Silicon Material Task, Union Carbide developed 
the silane-silicon process and advanced the technology to the point where 
it has a definite potential for providing higii-purity polysilicon on a 
commercial scale at a price of $14/kg by 1986 (1980 dollars). This work, 
completed under Phases I and II of tho contract, provided a firm base for 
the Phase III Program (initiated in April 1979) aimed at establishing the 
practicality of the process by pursuing the following specific objectives: 

• Design, fabricate, install, and operate an Experimental 
Process System Development Unit (EPSDU) sized for 100 
MT/Yr to obtain extensive performance data to establish 
the data base for the design of commercial facilities. 

• Perform supporting research and development to provide an 
information base usable for the EPSDU and for technological 
design and economic analysis for potential scale-up of 

the process, 

• Perfoi'm iterative economic analyses of the estimated product 
cost for the production of semiconductoi'- grade silicon in a 
facility capable of producing 1000 MI/Yr. 

This process for preparing semiconductor-grade silicon in the EPSDU 
fz*om metallurgical- grade (M-G) silicon is based on a well-integrated 
arrangement of purification steps that j rovides a cost-effective process 
system. 
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The three basic steps entail converting M-G silicon to trichlorosilane, 
redistributing the trichloi’osilano to produce silane, and thermally decom- 
posing the silane to form silicon powder. The powder is then melted and 
the molten silicon is cast into polycrystalline silicon for subsequent use 
in fabricating solar cells. 

The technical progress presented in this report is arranged accerding 
to the Work Breakdown Structure (WBS) shown in Table I. 
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SECTION II. 


TECHNICAL ACTIVITIES (BY WB5 NUMBER) 


1. EPSDU PROGRAM 


As illustrated in Table I, the current Phase III Program consists 
of seven primary (WHS level 2) divisions of effort; 

• EPSDU Design and Procurement 

• EPSDU Equipment fabrication and Delivery 

• EPSDU Installation and Checkout 

• EPSDU Operation 

• Commercial (1000 MT/Yr) Process Economic Analysis 

• Process R5D to Support EFSDU Deidgn find Commercial Analysis 

• Program Management 

Collectively, t .ose activities encompa:/t' all efforts required to attain 
the program objectives. The subdivisions (WBS levels 3, A, and 5) define 
the individual work items that must be performed. The progress for this 
quarter, documented in this section, is reported at the work-item level. 

Only work items that are currently completed arc included, 

1.1 EPSDU DESIGN/PROCUREMENT 

'Iliis effort includes all engineering, design, and procurement activi- 
ties necessary to transform the process design, developed during the Phas«» 

II Program, into a complete installation-drawing package for EPSDU. Tlie 
major tasks include process design updates, facility design, equipment 
design and procurement, installation design, and cost estimating support. 

1.1.1 Process Design 

The process design effort is geared toward using the most recent 
information available to provide the most practicable integration of process 
subsystems for attaining the EPSDU Program objectives. The process design 
package consists of a heat/mass balance, process description, process flow 
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diagram, and functional specifications for process equipment. The original 
package, issued in June 1979, served as the basis for the subsequent engi- 
neering effort. Beneficial data from the supporting ll^D effort and other 
process-related analyses and experiments were used to Update the original 
package. Process enginocrs, using information available from the Phase I 
and Phase II Programs, provide direct support to the facility and equipment 
design efforts, 

1.1,1. 2 Engineering Design Support 

The key activities during this quarter were to provide support to 
the Engineering Department for piping reauirements (definition, material, in- 
sulation), valve selection, cleaning procedures, instrumentation and control 
definition and logic of operation for the process including shutdown/stnrtup 
procedures. The piping, valves, and instruments were arranged to permit the 
process equipment to function properly. Each valve in the system was reviewed 
and a cost effective selection was made. Specif icatii ns for safety relief 
valves and check valves were written, and purchase orders written. Assistance 
was provided for the InstruJnents and Controls Group by reviewing the logic to 
bo employed during startup and shutdown of the various procedures. 

The relay logic is basically done by process area: hydrogenation, 

distillation/redistribution, pyrolysis/consolidation, and waste treatment. 

The first two ai'eas have the most complex relay logic. Automatic shutdowns 
and relay interlocks are used whenever rapid, programmable action is neces- 
sary to avoid potential injury to personnel or significant equipment damage. 

A i)Otential problem on insulation of the high temperature lines from 
the superheater to the hydrogenation reactor was I'oviewed and resolved by 
specifying a preformed insulation with a lower thermal conductivity and greater 
thickness than sho\m on the drawing’’. If the temperature drop is found ex- 
cessive during checkout and startup, more insulation will be added to flanges 
and valves. 

A consolidated cleaning procedure for inclusion into the design pack- 
age was prepared for the cleaning of components used in chlorosilane service. 
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1.1. 1,4 Pyrolysis/Consolidation Process PesiRn 


A new WBS Work Item was created for recently identified work asso- 
ciated with the free-space reactor RfiD at Tonawanda and the silicon melting/ 
shotting work at Kayox, Before tliese two technologies can bo implemented 
at EPSDU, a silicon powder transport system and a product silicon (sbot) 
removal/packaging system must be developed. Under normal conditions, tiiis 
activity should begin after completion of these RFjD programs. 

As reported in the previous quarterly report, activity was delayed 
due to manpower requirements elsewhere. However, work was re-started in 
January and includes process design work not covered under existing RfiD 
tasks. This effort is required for integration of silane pyrolysis and con- 
solidation equipment into EPSDU. 

A preliminary Process Flow Diagram was prepared which identifies all 
process and utility streams to and from vax^ous system componenvs and includes 
mass balances and equipment list. 

Several vendors had been contacted regarding pneumatic conveying of 
silicon powder pi'oduced in tlie free-space reactor. No commercially available 
system was identified which matched our needs. Reasons cited were small 
powder particle size, lack of knowledge with the powder flow properties, the use 
of hydrogen conveying gas, and tlio purity requirements of the process. How- 
ever, the feedback from vendors was that dense-phase conveying was still 
attractive and that with some in-house testing of dense-phase conveying, the 
concept is feasible. 

An evaluation of the powder transport test data, using the Wen and 
Simons model predicted that a 1-1/2 inch diameter conveying line is required. 

An intern 'lly polished stainless steel sanitary tube appears to be the best 
compromise between conveying gas requirement, conveying pressure drop, sensi- 
tivity to plugging, and mass throughput. A one-half ton-por-hour rate seems 
to be the most likely place to operate, although a rate of ai(,/Ost twice that 
is possible. 
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TIiq current jnochanicnl drawings for tho nPSDU froo-spaco pyrolysis 
reactor and Kayex-dosignod shotting equipment wore reviewed . Recommendations 
were made for improvement on the froo-spaco hopper design, layout, the shotter 
purge gas flow control, and applicability of tho argon purged feed hopper in 
EPSPU. Some retrofitting of tho auger food hopper will have to be made, in 
order to accommodate a production throughput of powder and to match up with 
tho freo-space reactor, 

A partial preliminary process design package was delivered to tho 
Engineering Department and consists of a process flow diagram, process descrip- 
tion, heat and mass balance, equipment functional specifications and preliminary 
equipment layout. Final equipment layout drawings will be prepared during the 
second quarter. The EPSDU consolidation Building Equipment List is shown in 
Figure 1. 


1.1.2 Facility Design 

Facility design consists primarily of the effort required to trans- 
late the process design functional requirements into specific plans regarding 
site, physical arrangement, human factors, and safety and environmental con- 
sidoi’ntions. Personnel wlto will operate the facility participate to provide 
ljumnn factor inputs and to become familiar witii tiic process. 

1 . 1 . 2 . 2 Environmental and Safety 


The environmental effort includes the assessment for regulatory com- 
pliance of all environmental considerations associated with the process, 
preparation of standards, and obtaining appropriate approvals and permits. 

The safety aspects include evaluation of the process and detailed design and 
monitoring of installation and operation to ensure that all features necessary 
for public and staff safety are included and proper procedures are used. 

Safety review meetings were held to discuss remaining action items 
from the November safety team comments. Meeting minutes wore issued showing 
most items implemented. A revi-jw of gas phase versus liquid phase silane 
storage was also hold. Meeting minutes were issued which note th.at we con- 
tinue to prefer and will utilize liquid phase storage at EPSDU. 

The air discharge permit application has finally been formally approved 
as a permit-to-construct by the Indiana Air Quality Office for East Chicago. 
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EQUIPMENT 

DESCRIPTION 

3<»9-02 

Valve Cleaning Enclosure 

349-04 

Pyrolysis/Consol idntion Control Enclosure 

441-08 

Shot Receiver 

441-10 

Shotter Feed Hopper 

441-18 

Reactor Liner Cleaning Station 

441-24 

Hydrogen Accumulator 

443-04 

Shot Receiver Hydrogen Recycle Blower 

444-04 

Pyrolysis Hydi'ogon Precooler 

444-06 

Shot Receiver Hydrogen Recycle Cooler 

445-02 

Free-Space Reactor 

446-02 

Vacuum Pump 

447-02 

Vacuum Pump Suction Filter 

447-04 

Shot Receiver Hydrogen Recycle Filter 

448-08 

Powder Scale (P-O. //825-60067) 

448-10 

Shot Scale (P.O. if825-500683 

448-12 

Shot LocWiopper 

449-04 

Shotter (P.O. /f825-50079) 

449-08 

Acid Wasli Exhauster 

449-10 

Drumming Station Hood 

449-12 

Free-Space Reactor Pyrolysis Furnace 

449-16 

Deionizer 

449-18 

Vacuum Dust Collector 

449-20 

FSR Hoists 

649-02 

Free-Space Transformer 

ITEMS TO BE SPECIFIED 

BUT NOT PURCHASED AS CAPITAL EQUIPMENT 


shot Storage Drums 
Excess Powder Drums 
FSR Quartz Liners 
Shotter Crucibles 


Figure 1 EPSDU Consolidation Building Equipment List 
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1.1.3 ISquipiiient Design, Specification, Procurement 


TliQ equipment related effort includes development of the control 
syst I, preparation of the piping and instrumentation diagi'am, preparation 
of wiring sclieinatics and conti'ol panel drawings, and the design of equipment. 
The specification activity includes definition of specific requirements for 
each item of equipment, preparation of bid packages, evaluation of vendor 
quotation, and preparation of final specifications and drawings. Procurement 
includes tlie issuance of procurement packages to selected vendors and 
obtaining comprehensive design information necessary for preparing install- 
ation drawings. 

The design and procurement of each item of equipment is accomplished 
through the combined efforts of process engineers, equipment engineers, and 
purchasing agents. These efforts produce a series of documents that evolve, 
ultimately, into a complete, definitive procurement package. The individual 
documents and their respective uses are as follows; 

• Functional Specifications : This specification is developed 

by the process engineer based on process requirements re- 
flected in the process flow diagram, heat/mass balance, and 
process control scheme. It defines the duty that tliis item 
of equipment must perform for the overall process system to 
operate. 

9 hiigineering Specifications : Using the Functional Specification 

as a basis, the equipment engineer determines the specific type 
of equipment necessary to satisfy the process requirements. 

This translation of process I'equireinents into hardware-specific 
information is delineated in the engineering specification. 

• Request for Quotation (RFQ) : The Request for Quotation (Form 

PUR 2013 , prepared by the equipment engineer, summarizes the 
equipment requirements, identifies vendors to be contacted, and 
defines the bidding instructions. This form, plus the engineering 
specification, constitutes the RFQ package submitted to the pur- 
chasing department for transmittal to potential vendors. Vendor 
quotations are reviewed by the equipment engineer and, based on a 
technical, cost and schodual evaluation, a vendor is selected. 
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• Request for Requisition (.RPR) : The Request for Requisition, 

prepared by the equipment engineer, consists of the RFQ package 
plus the Bid Evaluation Report that identifies the selected vendor 
and the specific equipment model to be purchased. The RPR is 
submitted to purchasing and serves as the technical basis for the 
purchase order. 

• Purchase Order (PO) ; The Purchase Order (Form L334-31D0) , pre- 
pared by the purchasing agent, definitizes the terms and conditions, 
delivery requirements, and billing instructions applicable to the 
particular equipment and vendor. Tftis form supplements the tech- 
nical information contained in the RPR to provide a complete pro- 
curement package. When the internal review cycle is completed 

and the appropriate approvals have been obtained, the validated 
Purchase Order is issued to the vendor. 

• Procurement Status Report [PSR) : After the order is placed 

technical performance is monitored by engineering personnel and 
contractual performance is monitored by purchasing personnel. 

Status is reflected in the Procurement Status Report. (The PSR 
for March, presented in Appendix A, reflects the current pro- 
curement status of all EPSDU equipment). 

These six documents serve as milestones for measuring performance 
of the procurement cycle for each item of equipment. 

1.1. 3.1 Process Control 


'Hie controls systems engineering effort includes all activities 
associated with developing the P5I diagram, designing process control loops 
and control panels, specifying valves and instrumentation, and preparing con- 
trol wiring ard pneumatic tubing diagrams. 

The Revision ”G" version of tho Pfjl diagram was issued. It is being 
used to finalize and check all equipment and piping drawings in the mechanical 
installation bid package. This is the last version of the P§I diagram to be 
issued prior to the actual start of equipment and piping installation work at 
EPSDU. 
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Tho process control design work which centers around the control 
logic diagi'nm is in progi'oss and will bo finalized in the second quarter. 


Control panels (6) and associated insti’umentation were defined, 
quoted, and purchase orders issued. 

1.1. 3, 3 Process Equipment, UCC Designed 


A tost was run on tho silane distallation column packing to insure 
that tho SCS-1 cleaning procediu’e would not alter the packing or result in 
any unusual gas evolution due to its high surface area. Tho results showed 
that tho standard SCS-1 cleaning procedure as specified was acceptable. 

1.1.3,d Pi-ocess Equipment-Vendor Designed 


lliis activity includes the engineering effort associated with 
specifying and selecting process equipment such as compressors, piunps, and 
tanks that will be designed and fabricated by commercial suppliers. 

Drawings were received and aijproved for all waste burner components 
except tile flame supervision panel. 

The refrigerant brine lieater and tiio waste agglomerator were 
placed on order, 

1.1. 3.7 Other Equipment, Specialties 

Key items addressed during this quarter were; 
a. Mechanical Cleaner for tho Agglomerator 

A spring-t>TJc cleaner was chosen for the vertical tubes. These 
loosely wound springs will be friction-hung from the top feed-thru fitting of 
each agglomerator tube. Silica deposits will be scraped off by a vertical 
motion of the center which will be hand-sti'oked. The construction material 
is high-tensile steel piano wire. 
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b. Rnm VnlvG Seal Pressurization Assembly 

HiG ram valve seal pi'cssurizatlon assembly for the hydro- 
genation reactor was designed, sketched and components ordered. 

c. Sample Conditioner 

Fabrication of the chlorosiiane sample conditioner has 

begun. 


d. Stack Gas Analyzer 

A commercial instrument was not available. It was decided 
that a discontinued Heckman unit can be tailored to our exact needs. The 
analyzer, contained in a metal box, draws a sample of the stack gas through 
magnetically stirred, constant temperature bath containing de-ionized water, 
A chloride ion probe senses any hydrogen chloride present in the stack gas, 
sending a signal to the pH meter which has a meter relay alarm feature, 

1.1. 3. 8 Data Collection System 


This work item covers all effort to tailor and specif;^ a compu- 
terized data-collection system for EPSDU, 

Tlie software preparation plan consists of the following steps: 

a. Prepare a flowslieet to diagram the algorithm, or logic 
path, for each routine or task, 

b. Review the necessary mini-computer librai'y routines, or pre- 
programmed implementation programs, with our Computer Appli- 
cations group to pass tlie data from the P.V. tables to the 
program being written. This may either be a simple addressing 
sequence or a more complex overlay of several library routines. 

c. Write the program in Data General Fortran, a modified Fortran 
IV, for specific use with the Data General compiler. 
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c, Dobug indivicliml routines by inputting some values md 
checking the output with a calculator , 

cl. Chock the integrated system as it is structured for EPSDU 
to assure that the signals from the instrumentation are 
being correctly converted for data storage. 


The content of the proposed EPSDU data report wliich summarizes the 
key performance parameters each day is as follows; 

1. Specified primary process variables (approx. 50) vs clock 
time; one hour averages, daily averages and deviations 

• Plows on ACFM or GPM 

• Temperatures in °P 

• Pressures in psia 

• Levels in inches 

2. Meat and Mass Balance 

a. Overall facility Si/M/Cl balance 

b. Sub-system balances 

• Hydrogenation reactor/ superb eater 

• Quench condenser loop 

• Hydrogenation sub-system 

• Stripper Column 

• TCS Coluran/TCS Redistribution Reactor 

• DCS Column 

• Silane Column/DCS Redistribution Reactor 
f Distillation sub-system 

• Pyrolysis/Consolidation sxib-system 

c. Mininami inclusion into daily report will be based on daily 
averages, but hourly averages can also be used as required. 

3. Utility consumptions, absolute and pro-rata 

• Electrical power 

• Natural gas 

• Water 

• Nitrogen 

• Argon 
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4. Off-Uno/waste treatment inputs 

a. Q, C. trailer off-line analyses 

b. Process off-line inputs 

c. Waste treatment area flows, Uifforential pressures, 
and temperatures 

Estimated length of daily report is 5 pages of process variables 
vs time plus S pages of other operations performance data. 

The overall data collection scheme for IjPSDU is to log data onto a 
series of dia^: packs for statistical reduction at Tonawtinda on a large IBM 
computer, while on a daily basis examining the data taken at B, Cnicago, This 
pre-screening of data at B. Chicago is important to highlight any questionable 
points, check instrumentation variation and guide the overall data collection 
progi’ntn. 


The following activities were in progress during the first quarter: 

• Develop subroutine to fit properties of the system 
fluids to simple polynominal expressions 

t Develop heat exchanger duty flowsheet 

ft Write main program to determine system heat and 
mass balance based on subprograms 

ft Calibrate and convert signals measured by thermocouples, 
flowmeters, etc., to a meaningful form for input to the 
main computer program 

ft Storage and retrieval of the 330 compositional analyses 
are taken on 63 process streams. The best method of 
storage/retrieval was worked out so that maximum usage 
is made of existing mini-computer software. These com- 
positions must be handled differently from other process 
data because the analyses are not performed in real time, 
rather after a delay and also because each analysis is 
not required frequently. 
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t The design and programming of an archive system is 
50% complete. Tliis system allows process data to be 
sampled on any specified time frequency, in specified 
groups, for any specified time period. Up to 255 
different groups can bo defined with each group con- 
taining up to 250 variables. The system will maintain 
the data on-line for a period of 2 weeks, and off-line 
indefinitely. 

Work which remains to bo completed for the applications programming 
package is: 

(a) Incoi'pornte the status variables in the mass balance for 

batch items. lost each time the lock hopper is 

cycled or mass lost when the waste chlorine tank is cycled). 

(b) Detailing the conversational off-line entry from the Q.C. 
trailer. 

Cc) Definition and documentation of the arcliive system by tlie 
in-house Computer Applications Group, 

(d) Integrate/ Interface with the archive system. 

1.1.4 Installation Design, Specification, Subcontract 

This design effort includes development of separate installation 
drawing packages for the site, civil, mechanical, and electrical specialties 
based on the engineering design effort and vendor-supplied informmtion. 
Specification activity includes definition of specific requirements for 
performing all installation functions. Subconti’acting includes the prepa- 
ration of bid packages, evaluation of quotes, sub-contractor selection and 
contract negotiation. 
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1.1. 4. 4 Medianical Design > Specification S Materials 


An index of piping and insulation specifications for process and 
utility linos was completed. 


Work continues on the field bill of materials which identifies each 
component in the EPSDU facility and to determine whether Linde or the me- 
chanical installation subcontractor is responsible for its supply. This is 
an imposing document which will number several hundred pages when completed 
in mid-April. 

Procedural specifications for pressure testing and leak testing chlo- 
rosilane and silane piping were completed. 

Procedural specifications for cleaning fabricated assemblies of 
silane piping were developed, reviewed and finalized. A similar, but less 
stringent specification for chlorosilane piping was developed and reviewed, 
and will be finalized in early April. 

Requisitioning piping components and materials should be completed 
by mid-April. These include valves, gaskets, filters, pressure and tempera- 
ture indicators etc. 

Porty-four separate vendor RFR's have been issued, a substantially 
greater number of requisitions than originally planned. Rather than assign 
responsibility to the mechanical contractor for purchasing many typically 
standard piping components and materials, we have elected to purchase these 
items to ensure proper type, expedite delivery, or because the components 
require special chlorosilane/silane cleaning at Tonawanda. 

An engineering team meeting has been scheduled for April 14, 1981 
to review the Mechanical Bid Package prior to its scheduled release for bids 
on April 24, 1981. This review will ensure that all drawing and specification 
information is consistant, that the scope of work is accurately «;efined, and 
that all of the necessary documentation is included. 
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1.1. <1.5 Mechanical Drawings 


All oquipraont/piping drawings (''<50 total) have been cotnplotod, 
over two-thirds have boon chocked and over half have boon back-chocked 
and finalized. TIio companion instrumentation drawings ('vso total) are 
approximately 60% comploto. Three drawings were dovolopod and issued to 
tho field which permit ongoing work on equipment placement sotting: 

• Log extensions and load coll installation on M-G 
silicon bin. 

• Access ladder on DCS distillation column. 

• Nozzle additions and I’elocations on waste silica bin. 

1.1. 4. 6 lUectrical Design, Specification P; Materials and 

1. 1.4. 7 Electrical Drawings 

Eloctrical design and drawing work was delayed pending completion 
of the mechanical design but t > ; restarted In early Hai'ch and will take 
approximately until mid-May to complete. 

Class I-Division 2-Group B, Class I-Division 2-Group D, and un- 
classified electrical construction classification areas were reviewed and 
finalized with the safety engineer. 

Design and routing for all electrical cable trays were completed. 
Routing of individual wire runs was initiated. 


1.2 EQUIPMENT FABRICATIQN/DELIVERY 


This report item includes all in-housc and outside activities asso- 
ciated with fabrication, delivery, and vendor coordination for all items of 
equipment. 
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Many equipment items arrived at the BPSDU site, including: 


469-14 - 

469-20 - 
466-04,05 
453-02 - 

458- 04 - 

452- 02 - 

426-02 - 
436-02 - 

436-04 - 

436-05 - 

453- 04,05 

411-02 - 

451-08 - 
451-18 - 
461-02 - 

461-06 - 

464-06 - 

456- 08 - 

457- 06 - 

429-02 - 

459- 16,20 

642- 02 - 

643- 02 - 

428-04 - 


Instrument air compressor 
Instrument air dryer 

- Cooling water pumps 

Agglomerator blower 

« 

Silica drum packer 
Muriatic tailing column 
Quench contactor pump 
TCS distillate pump 
DCS distillate pump 
Spare chlorocilane pump 

- Waste gas induction blowers 
M-G silicon storage bin 
Silica dust bin 

Caustic tank 

Hot oil expansion tank 

Diesel fuel day tank 

Thaw heater 

Tailing column pump 

Silica bag filter 

Quench 8 ^olids venturi 

- Agitators 
480 V MCC No. 2 
Hmergency generator 
Solids conveyor 


Tlie receipt of purchased items can be identified by consulting the equipment 
procurement status - see Appendix A. 


1.2.8 Procurement Support 

This task includes the Procurement Department effort necessary to 
initiate, monitor and control the purchase of equipment. 


1.2. 8.1 Purchasing, Expediting 

The procurement status report is updated and issued monthly. The 
reporting data, including this quarter, is shown as Appendix A, Visits were 
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made to the fabricators of custom equipment items to assure the delivery of 
a quality product which conforms to specifications. Slielf type items are 
inspected upon receipt at the EPSDU site. 

Inspection reports were prepared and issued for all equipment items 
which received one or more inspections during fabrication in the vendor shops. 
No problems were identified which have not been resolved in the shop or con- 
not be readily resolved in the field. These reports will be compiled and 
transmitted lo JPL Q.A. personnel during a meeting at the EPSDU job site 
scheduled for April 2, 1981 to review both shop inspection procedures and 
field inspection/check-out procedures, 

A material receiving log is being maintained wliich gives details 
of equipment received, date of receipt and site location (see Appendix A) . 

A tag number system is currently being developed and identification 
numbers will be added to the log. 

1 . 2 . 8 . 2 Equipment Design and Inspection 

The logic diagrams for the thermoflux heaters were reviewed and 
found to be missing key relays — the vendor has agreed to reti’ofit eaci 
unit. A more complete logic diagram review is planne 1 in the second quarter. 

The electronic-grade cleaning of the silane column was observed. To 
check the effect of the cleaning procedure on the packing, a sample was taken 
and cleaned in the lab according to procedure. The procedure was completed 
and sample pieces were examined under a microscope together with some un- 
ci caned control pieces. No significant change to the surface features was 
noticed, A small amount of metal had been eaten and the stainless surface 
was dulled. The fabricator was notified to continue, using the pre-established 
procedures. 

A significant effort will be required to pre-clean piping and instru- 
mentation components for either chlorosilane service (very clean) or silane 
service (ultra clean) prior to installation. This effort acknowledges the 
previously stated process design/ start-up philosophy of minimizing all chances 
of introducing foreign contaminants into the system and, in turn, hopefully 
minimizing the start-up operating time required to make contaminant-free 
silane. 
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A lengthly listing was completed of all items to be cleaned at 
Tonawanda in May and June, During April, a similar listing will bo completed 
of items to bo cleaned at EPSDl) during construction. Equipment used to clean 
components at Tonawanda will be relocated to the EPSDU job site in July, 1981, 

1,2. 8, 4 Tonawanda Equipment Cleaning 

Arrangements were made for the profess group to receive a number of 
pieces at Tonawanda and control the cleaning of this equipment to proper 
standards. Equipment will be sent to a work area where it will bo logged in, 
dismantled as necessary by the facility instrument shop technicians and welded 
as required by the facility fab shop. The instrument shop will clean, reassem- 
ble, leak test and calibrate under our supervision. Tlie pieces will then be 
repackaged and logged out for shipmert to the field. 


1.3 INSTALLATION AND CHECKOUT 


This report item includes all effort associated with award of sub- 
contracts, providing instructions to the on-going subcontract activities, 
monitoring subcontractor performance, and checkout activities to ensure 
proper installation. 

1.3.1 Installation Subcontracts 


This task includes the effort for all installation activities 
assigned to subcontractors and includes labor, materials, and day-to-day 
job supervision. 

Monthly reports are issued which include progress details, schedule 
and cost summaries. 

1.5. 1.2 Civil, Underground, Structural 


The balance of the contractual work was co,.qoleted in the first quarter. 
The pyrolysis/consolidation, control and water treatment buxldings were com- 
pleted. Yard work, underground piping and utilities were also finished. Figure 
2, EPSDU site, is a photograph of the site taken in March which clearly shows 
the construction progress. 
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1.3.2 


Installation Materials 


Fifteen purcluiso orders were issued primarily for a total of 157 
valvQS ranging from 1/4-inch to 1-inch sizes. 

1.3,3 Installation Support 

This task includes the in-house support associated with supervising, 
directing, and monitoring the installation effort, 

1.3. 3.1 Field Supervision 

A resident construction superintendent for site plant construction is 
assigned to provide supervision of the contractors to assure that the work per- 
formed is in agreement with tho facility plans. 

Consti’uction methods are observed to ascertain that the contractor 
operates in a safe and conscientious manner. He also visually checks process 
equipment as it is delivered on site to verify that no damage has occurred 
during shipment. A monthly construction report is prepared to record details 
of progress, schedule and cost. 

The construction superintendent is supported by a clerk who handles 
and maintains documentation. A key, primary function is to maintain a 'Material 
Receiving Log', by wliicli each item received onsite is registered detailing date 
received, purchase order, vendor, description, location and carrier. He will 
also bo responsible for installing govei’nment tags on all capital items over 
$ 1 , 000 . 

1.4 OPRRATION 


This work item includes all activities necessary to operate I3PSDU to 
demonstrate operability, provide representative product samples, generate 
performance data for economic assessment and equipment and system design data 
for a commercial facility. 
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1.4.1 


Preparat ion 


This activity includes training of operating personnel, preparation 
of an operations manual and test plan. 

Tlio Plant Manager attended mootings at Toimwanda to complete the 
design safety review resolution report, finalize tl\o liquid versus high pres- 
sure silane gas storage choice and to review projected 1.4 Operations costs 
with management. 

The plant manager participated in tlie JPl/UCC bimonthly meeting 
hold at Tonawanda on March 3rd througli 7th. The 13PSDU site was visited by 
the JPL review team along with UCC program management. 

An Equal Employment Opportunity Program Affirmitive Action Plan 
was prepared for EPSDU. 

1.4, 1.3 Operation Inspoction Calibration 

It is planned that the Process Group will conduct on-site inspection 
of equipment items starting in April at East Chicago. The focus will be on 
equipment internals, since the plant manager is inspecting external details. 
The inspection will focus on personal safety and operability. 


1.6 PROCESS SUPPORT R 5 D 


The supporting R ft D Program is separate 
effort and includes all activities associated 
mental development of the free-spnce reactor, 
fluid-bod reactor system, and quality control 
Information generated in this program will be 
the commercial facility economic analysis. 


from the mainstream design 
with analytical and experi- 
melting/consolidation system, 
techniques and procedures, 
used for tlie EPSDU effort and 
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1 . 6.1 


Pree~Space Reactor DevolQpmsnt 


This development task includes all experiments and analysis ne- 
cessary to verify design data for the frce-spaco pyrolysis reactor and to 
develop a new I'eactor model. This task was successfully completed and the 
accomplishments are summarized liere, 

1.6. 1.1 PDU Experiments 


OBJnCTIVlj 


Construction and operation of the Tonawanda free-space reactor PDU 
hud the objective of demonstrating long term steady-state operation, and 
developing a data base for use in scaling up to a larger size. Achieving 
these objectives would confirm the viability of the free-space reactor con- 
cept for HPSDU. 

INTRODUCTION 


Pree-Space silane pyrolysis technology has been advanced signifi- 
cantly as a result of the JPL-sponsored development effort at Union Carbide. 

This activity builds on ea lier UCC funded work Involving the construction, 
operation and testing of a Free-Space Reactor Process Development Unit (FSR 
PDU). The testing at the Parma Technical Center deronstrated the feasibility 
of producing semi-conductor grade polyci'ystalline silicon by pyrolyzing high 
purity silane. 

Under the current program a similar reactor with improved modifications 
was developed and tested at the UCC Tonawanda Facility. An initial series of 
test runs (7) indicated that long duration operation of the Free-Space Reactor 
was feasible provided that hard silicon deposits could be eliminated and the 
scraper seals and powder ti’ansport system improved. 


These areas of concern directly impacted the design of the 
EPSDU Free-Space Reactor (FSR). This report summarizes the results of the 
experimental work in the second phase of Tonawanda' s FSR development effort 
(Note that information concei'ning the runs during July and August of 1980 was 
documented in the Quarterly Progress Report, July-September 1980). 
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CONCLUSIONS 


The exporiinenttil work resulted in the following conclusions which 
influence the design of the BPSUU free-Spuco Reactor, 

It was demonstrated that tlio occurrence of hard silicon deposits on 
the reactor wall could bo eliminated by maintaining the peak reaction zone 
temperature (12 indies below the head;) between 830°and 900°C. This was 
achieved by utilizing an induction heater coil with variable pitch windings 
(close pitch at each end and wider pitch at the centoiO. The conversion of 
silane was in excess of 99.99%. Powder particle size and bulk density were 
reduced to 0.34 pm and 2.3 to 8.6 Ib/ff^ from 0.90 pm and 9,4 to 16.9 Ib/ft^ 
respectively, and is attributed to the higher reaction zone temperature. 

Now improved mechanical features — scraper seal, quartz liner support 
system and powder transport system — demonstrated feasibility and durability. 
All of these features will be used in the design of the BPSDU FSR. 

Powder purity was not conclusively demonstrated due to the inadequacy 
of the sample prcpai'ution and analytical techniques used (AA, ICP), However, 
a polysilicon boule pulled fi*om molted PSR powder was shown to have 55 fi cm 
P-typo resistivity. 

In summary, the test progi-am was very successful and provides a firm 
basis and understanding to confidently scale-up to the HPSDU design. 


DISCUSSION 


Test Runs 


A total of twelve runs. Numbered 8 througli 19, were made on the PDU 
during Phase II (See Table II). These wei'e grouped into throe campaigns during 
each of which the system was kept sealed and under inert gas purge between runs. 
Most of the major equipment changes were cari'ied out between campaigns at whicli 
time the PDU was opened and thorouglily cleaned by vacuuming and washing with 
deionized water. 
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The first cmnpaign included runs Number 8 through 13, Activity 
during this period centered on modifying the wnll temperature profile and 
flow field in the reactor to eliminate the hard wall deposits. Before this 
campaign was started, the 5 cm thick ceramic wool blanket was extended to the 
top of the reactor shell to reduce heat losses and the induction coil was 
relocated to a higher position on the reactor. 


Modifications made during the campaign included the installation of 
a new induction heater coil (with variable density windings] to improve the 
iioat distribution within the reactor. Run Number 11 resulted in excessive 
temperature in the lower section of the I'eactor and this was corrected by 
removing a section of insulation blanket. Run Number 13 demonstrated a 
successful 12-hour duration run. 


Reactor performance during this campaign was much improved over 
previous runs, silane conversion was better than 99.99% and no hard silicon 
deposits were detected on the reactor wall. Table II summarizes the results 
of the first campaign. 


Following Run 13, the PDU was shutdown for two months for extensive 
modification. A new liner support system was fabricated and installed. This 
utilized Inconel springs to support the weight of the quartz liner, keep it 
in compression against the reactor head, and compensate for thermal expansion 
of the reactor. Sealing against the head was accomplished using Crafoii 
strips and the annular space between the liner and reactor was actively 
purged with argon introduced thi'ough ports machined in the reactor head. 
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TABLE II RUN SUMMARIES 


Run No. 

Date 

Duration. 

CHrsO 

SiH4 

Rate 

CUg/hr) 

Reaction 

Zone 

Temp 

(°C) 

Powder 

Transferred 

C%) 

Coraraents - Equipment 
Modification 

8 

7/11/80 

2.0 

2.20 

820 

53 

Old induction coil, 9. Sera below 
top, new insulation blanket, in- 
jection nozzle 10.2 cm into re- 
actor. Simple liner support. 

No fluidizing cone. Bottom 
transfer. 

9 

7/22/80 

2.0 

2.27 

840 

69 

As per Run No. 8 

10 

7/25/80 

2.25 

2.30 

825 

66 

As per Run No. 8, but 2X absolute 
pressure (276 kPa vs 138 kPa) . 

No effect on powder. 

11 

8/14/80 

1.7 

4.4/2. 6 
C3.64 av) 

905 

27 

New induction coil (unequal spa- 
cing). 10.2 cm below top. In- 
jection nozzle 14.0 cm into 
reactor. Lower coils overheated 
reactor. 

12 

8/18/80 

3.1 

4. i/3.4/2. 2 
(2.88 av) 

870 

45 

Lower 18 cm of insulation blanket 
removed. Temperature in lower 
reactor reduced to acceptable 
level. Completion of milestone. 

13 

8/26/80 

12.0 

2.21 

865 

- 

Completion of milestone. No 
equipment changes. 


■ND OF FIRST CAMPAIGN — 



TABLE II RUN SUMMARIES (continued) 


Reaction 





SiH4 

Zone 

Powder 




Duration 

Rate 

Temp 

Transferred 

Comments - Equipment 

Run No. 

Date 

(Hrs) 

(kg/hr) 

(°C) 

(%) 

Modification 

14 

10/23/80 

3.0 

2.30 

865 

75 

New liner support and powder 
transport systems installed. 
Heating system unchanged. 

Powder stored under inert purge 

15 

10/28/80 

4.0 

2.33 

875 

83 

As in Run 14. 

IG 

10/31/80 

4,0 

2.29 

860 

101 

Completion of milestone. 
As in Run 14. 

17 

11/10/80 

12.0 

2.37 

870 

79 

Completion of milestone. 


As in Run 14, 11,8 kg to Kayex 

— END OF SECOND CAMPAIGN — 


18 

12/22/80 

12,0 

2.4 

880 

57 

New scraper installed. 
Other systems unchanged. 

19 

12/31/80 

3.7 

2.3 

880 

75 

Consumption of last available 
silane (remaining cylinder 


pressures too low) . Minimal 
effort to transfer powder. 


— END OF THIRD (FINAL) CA^^PAIGN — 



A now powder transport system was also fabricated and installed. 

The ari’angomont is similar to that used to entrain material in blow-pot 
(batch) type pneumatic conveying systems. A tnincatod cone of porous media 
sat in the bottom of the hopper. Powder was removed througl\ a vertical 
3,8 cm pipe which exited tho hopper through an unused port. Nitrogen could 
be supplied to tlio porous cone to aid powder flow, Tho space boliind tho cone 
was purged. Poliowing the installation of tho transport system, the PDU was 
cleaned with deionized water and readied for operation, 

Tlie second campaign encompassed Puns 1^ through 17. These are 
summarized in Table II. No changes were made to tho PDU during this series of 
runs, which wore intended to test the performance of the liner support tind 
powder transfer systems. PDU opei'ation was extremely smooth throughout. All 
tho runs were made at similar conditions of flow and had similar wall temper- 
ature profiles. During this campaign a serious effort was made to obtain an 
accurate mass balance for the PDU, Tho silane cylinders were weighed before 
and after each run, purge flows were checked and the recalibi'atod dry test 
meter was used to monitor the flow of gas out of the PDU. 

Examination of the reactor liner following Run 17 showed that tho 
new support system had operated as expected. No powder penetrated behind 
the liner and the reactor wall was completely undamaged. Deposition on the 
inside of the liner was limited to two bands of chemical vapor deposited 
(CVD) material, the upper band extending between b and 11 cm and the lower 
band extending between 55 and 60 cm below tho reactor head. Scanning electron 
microscope (SEM) examination of the coating showed it to be less than 0,5 pm 
thick after 23 hours of peration. This represents an acceptable deposition 
rate for EPSDU operation. 

The mass balance around the PDU for the second campaign was very 
good. The silicon balance was excellent and the hydrogen balance acceptable, 

A systematic ei'ror in estimating purge flows seems probable as the measured 
liydrogen flow exceeded the calculated value by approximately the same amount 
for each run. 

Following the second campaign the PDU was shut down for installation 
of a new scrapei'/sci'aper seal assembly. 


ORIGINAL PAGE IS 
OP POOR QUALITY 



'lliQ new arrtmgoinent utilized an in-line double-ended air cylinder 
to minijnizo alignment problems, an olastometer wiper to minimize power in- 
trusion along the shaft, and multiple 0-ring seals with argon purge. 

The third campaign Runs 18 and 19 completed the experimental pro- 
gram and is summarized in Table II, Run 18 was a long duration tost intended 
to provide operating experience with t!'r new scraper assembly. The run was 
very smooth. 

Conveying of powder proceeded normally following each run. Run 19 
was a medium duration test made primarily to use up the supply of silane 
remaining following Run 18. The run and subsequent powder conveying proceeded 
normally. The temperature profiles of both runs 18 and 19 responded as ex- 
pected to the increased scraper stroke and reducud insulation blanket; wall 
temperatures in the lower reactor were reduced to acceptable levels. 

Examination of the scraper following Run 19 showed that a small 
quantity of powder had penetrated past the elastomeric wiper and 
seal assembly. An improved cylinder and seal design will be used for EPSDU 
FSR which includes water cooling of the scraper shaft, use of a metallic lower 
wiper and use of elastomeric seals of different configuration for the secon- 
dary seal. 


Analytical Results 


Tests wore run to determine a number of powder characteristi s 
including levels of certain metallic impurities, bulk density, and powder 
specific surface area. The purity of the silane feed used was checked and 
the resistivity of a polysilicon rod pulled from melted powder determined. 
'Hie results of these tests are suimnarized in Table III. 

Bulk Density/Particle Size 


Bulk density of the product powder varied widely throughout Phase 

II, but at 36 - 137 kg/m (2.3 - 8.6 Ib/ft^) was much lower than the 150 - 270 
3 3 

kg/m (9.4 - 16.9 Ib/ft ) found during Phase I for comparable silane feed rates. 
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This is probably attributable to the higher toiiiporaturos maintained in the 
upper reactor during Phase II which led to increased silane pyrolysis rates 
and apparently favored homogeneous nuclontion over heterogeneous particle 
growth. This led to the production of finer powder and reduced the bulk 
density of the material. 

The bulk densities measured during Phase II wore sensitive to powder 
handling. A sample scooped from the top of the undisturbed powder bed in the 
hopper was of dramatically lower bulk density than any of cho other Phase II 
lamplos, all of which wore taken from stoi'ago drums following convoying of 
the powder. 


Silane Peed Purity 

Ciiromatographic analysis of the fresh silane supplied for use in 
Phase II showed less than 30 ppm total chlorosilanes, down from 1300 ppm in a 
cylinder used in Phase I. Volatile iron was down fi'om 1.6 ppm to below the 
detection limit of the method used fSO ppb). Epitaxial films of greater tlmn 
160 fl cm resistivity were obtained in Tonawanda using silane fx’om the new 
supply, films obtained from silane from the previous supply had shown resis- 
tivities on the order of ^0 n cm or less. Thus, the silane used from Run 13 
was of significantly higher quality than that used in previous runs, 

Pi^oduct Powder Purity 


Product purity was evaluated in two ways: by direct analysis of 

the powder using atomic absorption (AA) and induction coupled plasma (ICP) 
spectrometry and by raeaburomont of the resistivity of a polysilicon boule 
pulled from melted powder. 

Typical analytical results are show in Table III, The metallic 
contaminants were generally in the low ppm level. The levels of impurities 
found in the high purity control were generally comparable to those found in 
the powder. 


Measurements of low concentration of metals in silicon is not an 
easy matter, and the sample preparsition and analysis techniques available 
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during this program simply appear to have boon inadequate. It seems likely 
that the powder was less contaminated than these results indicate. However, 
it is clear that considerable development work must bo done before powder 
purity can bo routinely determined by spocti'oscopy. 

The resistivity measurement obtained on n polycrystallino ingot pulled 
from molted powder produced an excellent value of 55 Q cm p-tyijo essentially through- 
out a 7.5 cm diameter by 7.5 cm long poiysilicon boule. 

TABLE III 


ANALYTICAL RESULTS tppm ~ mass) 



Typical 

Sample 

Control* 

Detection 

AA 

Limit 
I CP 

Fe 

O.G 

0.75 

0.1 

0.5 

Cr 

0.1 

<0.1 

0.1 

0.4 

Ni 

0.3 

0.15 

0.15 

0.4 

Mn 

0.1 

0.1 

0.05 

0.1 

Cu 

0.2 

U.2 

0.1 

0.4 

Zn 

0.5 

0.15 

0.02 

0.2 


*Dow Corning Poly, B-0.5 ppb donor ^1.5 ppb 
Surface etched before analysis. 

Polycrystallino Silicon Resistivity: 55 cm, P-type 

X-Ray diffraction analysis: crystalline silicon powder 


1.6. 1,1. 8 Reactor Scalc-up and Design 

A 100 MT/year free-space reactor/silicon hopper assembly for 
EPSDU was designed based on the experience gained in operation of the PDU 
during the later half of 1980 theoretical support analyses). 


The design consists of a quartz-lined Incoloy reactor, resis- 
tance heating furnace, and stainless steel product hopper. Detailed design 
drawings for fabrication of tlie equipment iverc prepared, and the calculations 
were documented in a separate design calculation package. The reactor and 
hopper were designed in accordance with established engineering practice for 
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pressure vessels with ASME code formulae serving as a design basis. Both the 
reactor and the hopper were designed for a maximum allowable working pressure 
(MAWP) of 14.0 psig with design temperatures of 1800^1' for the reactor shell, 
600°F for the reactor head, and 950°F for the hopper. Additionally, both the 
reactor and hopper are capable of withstanding full vacuum. 

The reactor consists of a cylindrical Incoloy 800H shell, an 
18-inch I.D. quartz liner, and a water-cooled stainless steel top head. The 
hopper is constructed of 304 stainless steel and consists of a torispherical 
upper head, a 48-inch 0,D, cylindrical main shell section with an 18-inch 
access manway, and a Dynapore (porous 304 stainless steel) lined lower conical 
shell. 


Silane gas is injected into the quartz-lined reaction chamber 
via a water-cooled injector tube which passes through the reactor head. The 
optimum ^.^mpe^aturo profile in the reactor is maintained by an externally 
mounted 10-zone split-tube furnace (resistance heaters) with provisions for 
independent (individual or multi-zone) control. The furnace is supported inde- 
pendently of the reactor/hoppor vessel by two I-beams which attach to an external 
framework. 


During the reaction process, silane gas (SiH^) is decomposed 
to form silicon powder (Si) and hydrogen gas (H 2 ) • The reaction products enter 
the hopper via a 20-inch communicating chamber in the upper head of the hopper. 
The silicon powder collects in the lower conical and straight shell sections of 
the hopper. 


A manifold, consisting of eighteen sintered metal filter 
elements, is attached internally to the upper head of the hopper with a 2-inch 
pipe size nozzle passing through the head. Hydrogen gas from the reaction is 
drawn from the hopper through the filters to a separate extei*nal recovery system. 
The hopper has a net product volume of 79 cubic feet to a point 12 inches below 
the filters. 


A product withdrawal line (1-1/2 inch diameter pipe) passes 
through the main shell of the hopper and terminates near the bottom of the conical 
shell. Hydrogen gas is injected from an external source through the lower cone 
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flange, into the annular space between the outer shell and the Dynapore (porous 
stainless) inner cone. The flow of gas facilitates pneumatic transfer of the 
powder from the hopper tlirough the product withdrawal line. Powder flow is 
assisted by the flow of hydi'ogon gas through the sintered metal cone, and by 
an internal "breaker bni*" mechanism mounted through the main shell immediately 
above the conical shell juncture. The "breaker bar" mechanism consists of 0.5- 
inch stainless stool rods (adjustable) mounted to a 1-inch stainless steel shaft 
whicli is driven by an externally mounted pneumatic rotary torque actuator to 
break up powder "bridging" in the hopper shell and cone. 

Powder deposits on the quartz reactor chamber walls are removed 
by a stainless steel "scraper" ring capable of traversing a 40-inch length of 
the reactor chamber. The scraper is mounted on the end of the water-cooled 
shaft of a specially designed (Carter Controls) pneumatic cylinder suitable for 
high temperature operation. The pneumatic cylinder is externally attached to 
the top of the reactor head. The cylinder shaft passes through the water- 
cooled reactor head which contains an additional scraper and sweep purge chamber 
to protect and insure proper functioning of the pneumatic cylinder. 

Cooling -^or the hopper is provided by clamp-on Panelcoil ele- 
ments attached to the cylindrical shell of the hopper and by 0.5~incli O.D. 
copper tubing coils on tho upper hopper head. Additional copper cooling coils 
are attached to the lower portion of the reactor shell (below tho furnace). 

Meat transfer to the cooling coils and panels is enhanced by tho use of a heat 
transfer cement. 


The reactor/hopper assembly is supported by four external lugs 
attached to the main shell of the hopper. The support lugs will in turn be 
bolted to the same external frainewoi*k to which the independently supported 
fui’nace is attached. 

DraAving m.unber D-2160600 (Figure 3), shows the final assembly — 
Free-Space Silicon Reactor/Silicon Hopper for the EPSDU facility. 

1.6.2 Melting/Consolidation 


The design and development effort necessary to obtain a reliable raelter 
for EPSDU involves UCC and sub-contractor (Kayex) effort. 
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1,6, 2.1 Melter System Subcontrac t 


'llie in-house effort involves establishing and managing the sub- 
contract and sub-contractor development, design, and fabrication efforts. 

Kayex Corporation is developing the silicon melter system for 
HPSDU. The silicon consolidation scheme is based on melting the powder in 
a quartz crucible and dropping molten silicon shot from the crucible bottom 
into a cooling tower where the shot is solidified. The goal is to design and 
build a melting/consolidating iystem suitable for installation in the bPSDU. 

The construction phase for the shotter system was much longer than 
planned due to difficulties in obtaining custom items made to the correct 
specifications. Initial checkout of equipment started in January, Diffi- 
culties were encountered in comnissioning the induction heating system. The 
induction coil was twice returned to the factoiy to be reworked to obtain a 
satisfactory fitup, 

Tlie process development phase began on February 6th when the generator 
was finally coirauissioned. Five initial heating runs (without a melt) were 
conducted. These runs served to prove out each component during operation. 

One key problem encountered was .that coil sup^ i)rt brackets began melting even 
though radiation shields were in place. The coil supports were fabricated 
from Mykroy. During the fifth run (Feb. 27, 1981), 80% of the generator power 
was reached and the temperature in the susceptor rose to 1463°C at which time 
power was discontinued due to the feedthrough plate beginning to melt. Although 
tlie plate is mounted to a water-cooled section, cooling was insufficient. This 
problem will be corrected by using a higher temperature material. 

A photograph of the melter/shotter system in place at Kayex is shown 
in Figure (4). Also shown is a view of the induction and susceptor (Figure 5), 
During the next quarter, the remaining system components will be checked out 
and modifications made to be able to have a controlled melt and produce silicon 
shot. 
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1.6.3 


Pluid-Bed Development 


This devolopjnont program includes all analytical^ experimental, 
and design effort associated with developing a fluid-bed reactor as an alter- 
native or backup system to the free-space reactor, 

1.6. 3, 4 Fluid-Bed Pyrolysis (l-DU) 

This work item consists of all effort associated with the design, 
fabrication, and testing of an experimental unit to establish design data for 
an EPSDU-scale system. 

The activity during this quarter was to complete the piping of the 
fluid-bed unit, check out system, install and calibrate instrumentation, 
calibrate controls and flow meters. Also, in support of the proposed experi- 
mental progra:ii, a computer program for data reduction was written. 

Experimental data for each run will be stored on a ticker-tape by 
the data-loggor. This information will be transferred to DTSS computer system 
for interpretation and generation of final data tables, 

A safety review meeting ivas held with both the safety and engineering 
departments. The procedures of operation of the fluid-bed were reviewed and 
tlie system was inspected. 


An experimental plan has been written for the fluid-bed pyrolysis 
program with schedules. During the next quarter, the fluid-bed reactor will 
be heated up to 650°C with resistance band heaters, and the experimental 
program will begin. 


1.7 MANAGEMENT AND DELIVERABLES 


This report item includes all activities associated with managing the 
program and insuring that all deliverables are made in accordance with the 
program requirements. 
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17th Progress Integration Meeting (PIM) 


'nils meeting was hold in early February at Pasadena, UCC was repre- 
sented by J. il. Lorenz, W. G. Bancroft, and H. Morihax'a, Two presentations 
were made; one at the plenary session which showed the program status and 
the second at the Task I technical session. 

The EPSDU gantry model was also on displu)' at the meetings. A recom- 
mended revised program for FY1981 was outlined to accommodate the reduced 
funding but also minimize the EPSDU start-up schedule slippage. 

Balance of Program Activities 

UCC prepared a proposed activity and schedule plan based on the dis- 
cussion at the February PIM and transmitted it on February 27, 1981. All 
available manpower was mobilized to prepare the documonts in a three-week 
period. The proposed plan which was based on current thinking, labor and 
material rates, consisted of a technical volume and cost volume consistent 
with the reduced FY81 funding. 

JPL/UCC Bimonthly Meeting 

The meeting was held at Tonawaivda during March 5th through March 11th, 

The meeting also combined with a fact-finding meeting and discussion of the 
documents previously submitted. 

The schedule called for a full week of meetings, including weekend 
working sessions. The regular progx'am and status reports were given and 
visits to Kayex and EPSDU completed the week. UCC submitted, at JPL’s re- 
quest, the revised program which describe our remaining technical work and 
our estiraate-to-complete budgets. The cost volixme included updated inflation 
factors, new work items deferred in 1979, and updated schedules and associated 
costs. 

Our progress report iixdicated the EPSDU civil contract is essentially 
complete. The buildings are up and ■^xe roads are complete. Equipment is 
arriving and is being set in place or stored. The mechanical and electrical 
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contracts will be awarded in the late second quarter and early third quarter 
All major equipment is on order. Design work is winding down, and the final 
P ft I is issued and scale models are being updated. Designs are being com- 
pleted for the pyrolysis and meltcr items. 

On the R D work, the reports on the free-space reactor and quality 
control procedure were reviewed. The fluid bed unit is checked out and 
will be ready to run (April to September 1981). 

Quarterly Progress Review With Kayex 

Kayex subcontract work is some 2 to 3 months behind schedule due to 
vendor problems with the molter unit. These are now being coriected and 
revised schedules are being considered to minimize slippage. 

Backup Materials 

Subsequent to the March Fact-Finding Meeting, a package of additional 
backup information was prepared and mailed to JPL to support, in more detail 
the revised schedule and cost. 

Deliverables 


The monthly technical progress reports were issued along with the 
monthly financial and management reports. 

The fourth quarter 1980 progress report was delayed but will be issued 
in April 1981. 

Major Milestones 


The major milestones reached this quarter are presented in Table IV. 


TABLE IV MAJOR MILESTONES REACHED 


ms NO . MILESTONE DESCRIPTION OF MAJOR miLESONE 

1.1. 3.1 K Pfil diagram issued and control panel RFR's issued 

March 

1.2. 1.1 E Quarterly Procurement Status Report issued 

1. 2.1.2 E Quarterly Procurement Status Report issued 

1.2. 1.4 E Quarterly Procurement Status Report issued 

1.2. 2.1 H Final Invoice payment for Power Supply 

E Quarterly Procurement Status Report issued 

1.2. 2. 3 G All equipment received 

E Final invoice payment 

1.2. 3. 2 E Quarterly Procurement Status Report issued 

G All equipment received 

1.2. 3o3 E Quarterly Procurement Status Report issued 

G All equipment received 

1.2. 4.1 E Quarterly Procurement Status Report issued 

G All equipment received 

1.2. 4. 2 E Quarterly Procurement Status Report issued 

1.2. 4. 3 E Quarterly Procurement Status Report issued 

1. 2.4.4 E Quarterly Procurement Status Report issued 

1.2. 4. 5 E Quarterly Procurement Status Report issued 

G All equipment received 

1.2. 4. 6 E Quarterly Procurement Status Report issued 

1.2.4. 7 E Quarterly Procurement Status Report issued 

1.2. 5.1 G All equipment received 

1.2. 5. 2 G All equipment received 

1.2. 5. 3 G All equipment received 

H Final invoice payment 
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TABLE IV MAJOR MILBSTONBS UEACUED Ccontinued) 


WBS NO, 

MILESTONE 

DESCRIPTION OF MAJOR MILESTONE 

1. 2.5.4 

E 

Quarterly Procurement Status Report issued 


G 

All equipment received 

1.2. 5. 6 

E 

Quarterly Procurement Status Report issued 

1,2, 6.1 

E 

Quarterly Procurement Status Report issued 

1.3. 1.2 

F 

Completed civil work 

1.3. 1.3 

J 

Completed structural work 

1.6. 2. 1.4 

C 

Interim report draft issued 

1.7.3 

N,F,Q 

Monthly Financial Ft Management Reports issued 


N,P,Q 

Monthly Technical Progress Reports issued 

1.7.3 

G,M 

Bi-Monthly Review Meetings 


C 

Program Integration Meeting 


K 

Engineering Design Package 


L 

Installation Drawing Package 


M 

Interim Report on Sub- contract 


N 

Slim- Rod Reactor Report 


P 

Silane Analysis - Epitaxy 
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SECTION III. CONCLUSIONS 


Significant highlights and conclusions are presented according to the 
relevant WBS nuinbors, 

1 , 1 DESIGN/PROCUREMENT 


1.1.1 Process Design 

• Specifications for valves were written and valves were 
ordered. 

• Operation logic for startup/shutdown was agreed upon with 
the Instruments and Controls Group. 

• A cleaning procedure was established for cleaning of 
component used in chlorosilane streams, 

• Preliminary process flow diagram for pyrolysis was prepared. 

1.1.2 Facility Design 

• Safety review team recommends liquid phase storage for 
silane at EPSDU. 

• The air discharge permit has been approved by the Indiana 
Air Quality Office. 

1.1.3 Equipment Design. Specifications, Procurement 

• Revision "G" of P IJ I diagram was issued and is regarded 
as the final version. 

• A custom stack gas analyzer is being designed to meet 
EPSDU requirements , 

1.1.4 Installation Design, Specification, Procurement 

• Procedural specifications for cleaning silane piping was 
completed. 

« Equipraent/Piping drawings are complete and are under review. 
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1.2 


EQUIPMENT FABRICATION/DBLIVERY 


• Fifty-five additional purchase orders were issued. 

• Many major pieces of equipment were received on site. 

« Visits were made to fabricators of key components to conduct 
inspections. 

• A material receiving log is being maintained. 


1.3 INSTALLATION F, CHECKOUT 

• Civil, underground and structural work was completed. 

• Purchase orders for additional valves were issued. 

1.6 P ROCESS SUPPORT RfiD 


1.6.1 Free-Space Reactor Development 

• Suiranai/ of Free-Space Reactor Development issued, 

1.6.2 Melting/ Consolidation 

• Construction phase complete. 

• Molter/Shotter system is being checked out. 

1.6.3 Fluid-Rod Development 

• Safety review was conducted. 

• Data reduction program was written. 

• System was instrumented and ready for start-up. 
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SECTION IV. PROJECTED QUARTERLY ACTIVITIES 


X.l EPSDU DESIGN/PROCUREMENT 

Process Dosigii 

• Process Design Group will continue to communicate and review 
designs with Engineering to insure that nil requirements are 
being met. 

• Pyrolysis/Melting Process Package will be reviewed and issued 
to Engineering. 

• Equipment functional specifications for pyrolysis will be 
completed, 

1.1.2 Facility Design 

• Modification to the gantry scale model will begin. 

• Continue facility scale model construction. 

1.1.3 Equipment Design, Specification, Procurement 

• The preliminary Control Logic Diagram will be completed in 
Apx'i.l and finalized after review in May. 

• Continue development of data collection system programming. 

1.1.4 Installation Design, Specification, Subcontract 

• Chlorosilane piping cleaning specif ic'^tions will be fxna'iized. 

• Field Bill of Materials document will be completed. 

• Requisitioning piping components and materials will be com- 
pleted. 

• Mechanical bid package will be reviewed and issued. 

• Electrical design activity will continue. 
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1.2 


liQUIPMENT PAUUICATION/PHLIVERY 


• JPL, Qimlity Aasurnnco porsonnol will moot at nPSDU site to I'oview 
inapoccion proccduros. 

• Tho iiiatorial/equipmont rocoivod at tho BPSDU site will bo loggod 
and tagged. 

• An area will be prepared at Tonawanda for cleaning specialty itoins. 


1.3 INSTAblATION l\ CHECKOUT 

■ nquipmont received will bo inspected, 

• field progress reports will be issued monthly. 

• Hquipmont delivered to tho site will be placed C’l foundations 
or stored. 

1.4 Ol^hllATION 

• Tho plant manager will visit Koasby, N.J., Specialty Gas Plant 
to observe silane production procedures, 

• lie will also give assistance for equipment inspection. 

• Operations Manunl preparation will start. 

1.5 COMMl-UCIAb IMiOenSS ECONOMIC ANALYSIS 
t No activity is planned. 

1.6 PUOCldSS SUPPORT lUiU 


1.6.2 Melting/Consolidation 


• Melting/sliotting runs will be conducted using chunk silicon. 
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1.6.3 


Fluid"Bed Development 


• The fluid-bed PDU will be started up using acid-washed silicon 
and hydrogen for fluidization. 

• Band heaters will be used to provide a uniform bed temperature. 
1.7 MANAGEMENT AND DELIVERABLES 


• Monthly Financial Reports will be issued. 

• First Quarterly Progress Report (Jan - Mar 1981) will be issued. 

• An update of PMS will be started to incorporate cost and schedule 
changes. 
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APPENDIX A 

EQUIPMENT PROCUREMENT STATUS 
MARCH 1981 
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50245 


✓ 



✓ 



Automatic Valve 

50246 


✓ 

✓ 


✓ 




50247 








‘ 

50248 









50249 









A-18 
























EQUIPMEWT PROaiRBEKT STATUS 


EQUIPMENT tn. ( NAME 

P, 0. 
NUMBER 

FUNC 

SPECS 

ISSUED 


11 


P.O. 

ISSUED 

iMd 

REC’D 

EQUIP- 

MENT 

REC'D 


50250 


m 

■ 





Field Instrumentation 

50251 

✓ 


✓ 





Field Instrumentation 

50252 

D 

MT 






Field Instrumentation 

50253 








Field Instrumentation 

1 

50254 j 

V' 

V 

^ 1 - 
1 



Field Instrumentation 

1 [ 

50255 1 

1 * 



■ 



Field Instrumentation 

! 

50256 ' 


\y 

✓ 





50257 






, 


Fluid Instrumentation 

50258 

L 


v/ 




Field Instrumentation 

50259 

t/ 

— 





1 - - - - 


50260 









50261 









50262 








‘ 

50263 









50264 









A- 19 





































EQUIPMENT PROCUREMENT STATUS 



A- 20 

























EQUIPMENT MO. « NAME 


HCl Hon Hop 


HC1 Monitor 


Main Instnment 
Panel "A" 


Main Instrument 
Panel "A" 


Main Instrument 
Panel "A" 


Main Instrument 
Panel "A" 































EQUIPMENT PW3CUREMEKT STATUS 


EQUIPMENT NO. I NAME 

tKM 

FUNC 

SPECS 

ISSUED 

ENG 

SPECS 

ISSUED 

|H9 

mm 

H 

DMG 

REC'D 

EQUIP- 

MENT 

REC’D 


50295 









50296 









50297 









5029 B 









50299 









50300 










n 

H 







50302 









50303 









50304 









50305 









50306 









50307 








‘ 

50308 









50309 









A-22 




















EQUTPMEKT PROCUREMENT STATUS 


EQUIPMENT NO. S NAME 

P. 0, 
NOS Hi 

FUNC 

SPECS 

ISSUED 

ENG 

SPECS 

ISSUED 

RFQ 

ISSUED 

RFR 

ISSUED 


DNG 

REC'D 

EQUIP- 

MENT 

REC'D 

Panel Q 

5041D 

✓ 

✓ 

✓ 


H 




50311 




n 

B 




50312 








■ 

50313 




! 

i 




50114 




t 

I 




50315 

1 

i 

y 






50316 

t 






50317 

; 

i 








i 







50319 




1 

i 




50320 





r 




50321 









50322 









50323 









50324 









A-23 






























